Rhizosphere fungal communities exert important influential forces on plant growth and health.
Introduction

41
Soil microorganisms are a critical component of agroecosystems and play key roles in agricultural 42 ecosystems. The importance of mutual influence between microbial communities and agronomic 43 practices is increasingly being recognized. The rhizosphere is the adjacent soil environment that 44 the plant helps to create and where beneficial and pathogenic microorganisms exert major 45 influential forces on plant growth and health [1] . Rhizosphere microorganisms were thought to be 46 of great importance to plant health due to their involvement in such key processes as the formation forceps. Samples at the interface or from an unnatural environment were avoided. After cleaning, 119 the roots were removed, and the remaining soil solution was centrifuged for 15 min at 10,000 rpm.
120
The supernatant was discarded to leave the soil fraction. These soil fractions were frozen using 121 liquid nitrogen and stored at −80 °C. We also collected samples from unplanted pots from ~10 cm 122 below the soil surface as bulk soil. Table S2 ; Supplementary Fig. 1 ). Supplementary Table S3 ; Supplementary Figs. 2, 3 ). in FS ( Fig. 1 ; Supplementary Table S2 -4). The dominant orders of Ascomycota and Zygomycota 185 in the rhizosphere were the same as those in bulk soil ( Supplementary Table S3 ). However, the 186 dominant orders of Basidiomycota in bulk soil from the FS rhizosphere samples were Agaricales 187 and Auriculariales, whereas Sporidiobolales and Agaricales dominated in bulk soil from the NS 188 rhizosphere samples ( Supplementary Table S3 ). Table S5 ). The α-diversity of fungi was 198 significantly higher in the FS rhizosphere than in FS bulk soil (P < 0.05); however, it was 199 significantly lower in the NS rhizosphere than in the corresponding bulk soil (P < 0.05). Bulk soil 200 α-diversity of fungi was higher in NS than in FS (P < 0.05), but rhizosphere fungal α-diversity 201 was lower in NS than in FS (P < 0.05; Fig. 2 ; Supplementary Table S5 ). 
204
Fungal genera compositions that were enriched or negatively selected in the rhizosphere 205 differed between different soils ( Supplementary Table S6 ; Supplementary Table S7 ). For example, 206 in NS, the relative abundance of Mortierella, Gliomastix, and Engyodontium was significantly 207 higher in bulk soil compared with rhizosphere soil, where it was much lower or almost 208 undetectable (P < 0.05; Supplementary Table S8 ). In contrast, the relative abundance of 209 Rhodosporidium and Trichoderma in NS rhizosphere soil was higher than in the respective bulk 210 soil, where it was lower or almost undetectable (P < 0.05; Supplementary Table S8 ). In FS, the 211 relative abundance of Mortierella, Guehomyces, and Fusarium was higher in bulk soil than in 9 212 rhizosphere soil, where it was lower or undetectable (P > 0.05; Supplementary Table S9 ). The 213 relative abundance of Penicillium, Alternaria, and Preussia was higher in FS rhizosphere soil than 214 in bulk soil, where these genera were almost undetectable (P < 0.05; Supplementary Table S9 ).
215
The abundance of other rhizosphere fungal genera was highly variable and differed between soils.
216
Comparisons of fungal genera whose relative abundance changed inversely in different soils 217 between the rhizosphere and corresponding bulk soil are listed in Table 1 Fig. 4 ).
230
Analysis of α-diversity indicated that in FS, the Sobs, Chao, and ACE indices were higher in 231 the cotton rhizosphere fungal communities during all three developmental stages compared with 232 bulk soil. The Sobs index decreased gradually from the seedling to the flowering stage in bulk soil, 233 but no significant difference was found in the rhizosphere sample between different 11 234 developmental stages (except for the difference between the seedling stage and budding stage in 235 the rhizosphere of island cotton) (P < 0.05; Fig. 2 ; Supplementary Table S5 ). In NS, the 236 rhizosphere harbored a fungal community of higher α-diversity than bulk soil. We compared the 237 α-diversity of different samples from NS to that of FS. The Sobs, Chao, and ACE indices 238 indicated that the α-diversity of bulk soils from FS was generally lower than those from NS, but 239 not significantly. In contrast, rhizosphere soils from FS were significantly higher than those from 240 NS (P < 0.05; Fig. 2 ; Supplementary Table S5 ).
241
Each developmental stage had dominant fungal genera found with high relative abundance.
242
We determined the genera that had high relative abundance (relative abundance >0. Table S10 ). The number of dominant genera 247 was highest in the budding stage.
248
We also analyzed how the fungal community was affected by the presence of cotton. A large 249 change was defined as a difference in relative abundance between rhizosphere and bulk soil that 250 was >1 or <-1. The difference between rhizosphere and bulk soil fungal genera relative abundance 251 differed at different developmental stages. We defined a genus for which relative abundance was 252 greater in rhizosphere soil compared with bulk soil as an enriched fungal genus (EFG) and a genus 253 for which abundance was lower in rhizosphere soil compared with bulk soil as a depleted fungal 254 genus (DFG). EFGs were most abundant in the budding stage, whereas DFGs were most abundant 255 in the seedling stage. The number of DFGs in NS was higher than in FS, in accordance with our 256 finding that the α-diversity of fungal communities was higher in NS than in FS, and many fungi 257 were depleted under the influence of cotton root ( Supplementary Table S10 ).
258
We analyzed the β-diversity of the samples based on Bray-Curtis dissimilarity analysis.
259
Cluster analysis indicated that samples from the same soil resources were clustered into one group 260 (Fig. 3A) . The β-diversity of different soils (mean Bray-Curtis: 0.97) was significantly higher 261 than the β-diversity of different developmental stages (mean Bray-Curtis N: 0.66, F: 0.60) (P < 262 0.01; Supplementary Table S11 ; Fig. 3B ). Statistical analyses were conducted to assess the 12 263 contribution of each factor to the structure of the fungal community in the cotton rhizosphere and 264 found that species-level soil factors contributed approximately 42.27% to the fungal community 265 structure in the cotton rhizosphere, which was higher than other factors (P < 0.05; Supplementary   266  Table S11 ).
267 Fig 3. β-diversity analysis of Verticillium, and Gibberella at the budding stage ( Fig. 4 ; Supplementary Table S12 ). The 278 rhizosphere relative abundance of Fusarium was lower than bulk soil at the seedling stage, and
279
Rhizoctonia was lower than bulk soil at the budding stage. We conclude that in continuously 280 cotton-cropped soil, those genera were suppressed by the cotton root at different stages. In NS, the 281 relative abundance of most of these genera was lower in rhizosphere soil than in bulk soil, with the 282 exception of the seedling stage for Alternaria and Fusarium, the budding stage for Fusarium and 283
Rhizoctonia and the flowering stage for Gibberella ( Fig. 4 ; Supplementary Table S12 ). Cotton 284 growth in soil that had not been cropped might have a high infection rate at each stage by those 285 genera. The difference in these genera between the two genotypes was not significant 286 ( Supplementary Table S12 ). The relative abundance of disease-associated fungal genera, with the 287 exception of Fusarium (FS: 2.02-43.19; NS: 3.17-7.40), was higher in NS than in FS (P < 0.05), 288 such as Verticillium (FS: 0.14-1.19; NS: 3.89-5.29) and Alternaria (FS: 0.04-0.85; NS: 2.01-3.27;
289 Supplementary Table S2 ). 
292
Aspergillus and Penicillium, the potential phosphate-solubilizing fungal genera, were 293 detected in our research. In NS, the relative abundance of both fungal genera was lower in the 294 rhizosphere than in bulk soil (P < 0.05). In FS, the relative abundance of the two fungal genera 295 was higher in the rhizosphere than in bulk soil, but this difference was not statistically significant 296 (P > 0.05). In addition, the relative abundance of the two genera in rhizosphere soil was higher in 297 FS than in NS (Aspergillus: P < 0.01; Penicillium: P > 0.05; Supplementary Table S12 ).
298 Discussion
299
The difference in fungal community structure between the rhizosphere and bulk soil of cotton solubility. We analyzed the dynamics of the two potential phosphate-solubilizing fungal genera. In 391 cotton rhizosphere soils, the relative abundance of the two genera was higher in FS than in NS.
392
This may be attributed to differences in physical and chemical properties and utilization of 393 nutrient substances.
394
Our study provides insights into the structural variation of rhizosphere fungal communities 395 under the influence of soil resources, developmental stage, and genotype, which might play key 396 roles in cotton growth and health. The soil resources, cotton developmental stage, and cotton 397 genotype all impacted cotton rhizosphere fungal community composition. The composition of the 398 cotton rhizosphere fungal community was primarily determined by soil resources and regulated to 399 a certain degree by plant developmental stage. A limited effect was found for the cotton genotype.
